Light bending is one of the significant predictions of general relativity (GR) and it has been confirmed with great accuracy during the past one hundred years. In this paper, we semiclassically calculate the deflection angle for the photons that just grazing the Sun in the infinite derivative theories of gravity (IDG) which is a ghost and singularity free theory of gravity. From our calculations, we find that the deflection angle θ only depends on Λ/E. θ → θE when Λ/E → ∞ and decrease to zero when Λ/E → 0. The transition interval occurs at 10
I. INTRODUCTION
The general relativity (GR) achieved great success in the past one hundred years and has been tested through different kinds of experiments. Light bending is one important test which was first observed by Eddington and Dyson in 1919 . Many measurements were made in the following years and the accuracy is greatly improved using the very long baseline radio interferometry [1, 2] . The GR theory fits the experiments very well so far.
Unfortunately, the quantum GR is not perturbatively renormalizable. The higher-derivative gravity (HDG) theory could avoid such difficulties. HDG was first introduced by Weyl [3] and Eddington [4] which includes the higher-derivative terms in the Lagrangian such as scalars R 2 , R 2 µν ,, R 2 µναβ and so on. Such models are renormalizable [5] but nonunitary at the same time and and it is unavoidable that the ghost particles emerge when the higher derivatives are introduced. The infinite derivative theories of gravity (IDG) [6] [7] [8] is such a model that can avoid the problem of missive ghost(It should be noted that this model is also named super-renormalizable quantum gravity or super-renormalizable nonlocal quantum gravity in some other papers). More details of IDG can be found in [9] . An earlier similar theory can also be found in [10] .
The significant advantages of IDG are that it could avoid the problem of massive spin-2 ghost and the divergence of gravitational potential at small distance. The gravitational action for IDG can be written as [6] [7] [8] 
where is the D'Alambertian operator, G µν = R µν − 1 2 g µν R and a( ) = e − Λ 2 . It should be noted that Λ * Electronic address: fenglei@pmo.ac.cn corresponds to a non-locality scale because the gravitational interactions in IDG model is non-local. The lower limit on parameter Λ can be calculated by combining the result of [11, 12] , which is
It should noted that the authors studied the much more general situation(a( ) = exp[( /Λ 2 )n]) in [11] , and got much stronger lower bound on Λ for higher n. In [13] , the author found that there was evidence for a Newtonian potential with of the form in [11] . Much stronger bound on Λ was gotten by using IDG as an extension of Starobinsky inflation [14] .
In [15] [16] [17] , the authors studied the gravitational deflection within the framework of classical and semiclassical HDG and find that the deflection angle decreases to zero at log 10 |β| ∼ 89 in classical HDG and log 10 |β| ∼ 70 in semiclassical HDG. The deflection angel calculated in other gravitational theory can be found in [18] [19] [20] [21] [22] [23] . In this paper, we calculate the gravitational deflection of photons that graze the sun within the framework of semiclassical IDG.
This draft is organized as follows: In Sec. II we calculate the deflection angle in semiclassical IDG and our conclusions are summarized in Section III. Here we use natural units and diag(1, -1, -1, -1) as the Minkowski metric.
II. GRAVITATIONAL DEFLECTION IN TREE-LEVEL IDG
We solve the linearized field equations of IDG for a pointlike particle using the perturbed metric
where κ = √ 16πG. The field equations derived from the action in Eq. (1) with a source component is [9] 
where T µν is the energy-momentum tensor of the source term. The corresponding energy momentum tensor for a particle with mass M is M η µ0 η ν0 δ 3 (r). Solving the above equation with such energy momentum tensor [6] [7] [8] [9] and we find
In this model, the modified Newtonian potential is
It should be pointed out that such kind of potential was first obtained by Tseytlin in the exponential gravity motivated by string theory [24] . Erf ( Λr 2 ) → 0 when r → ∞ and we recover the Newtonian potential.
x when x → 0 and then
So IDG model can avoid the divergence problem in GR at small distance. Similar with [15] [16] [17] [18] [19] [20] [21] [22] , we calculate the gravitational deflection angle within the framework of semiclassical IDG. This method provides much more information about the gravitational deflection of photons, such as the energy dependence of the deflection angle and so on. The Feynman diagram of this process that the photon scattered by the external gravity field is shown in Fig.1 and the corresponding amplitude is given by
where ǫ µ r (p) (ǫ ν r ′ (p ′ )) denotes the polarization vectors of the initial (final) photons and satisfies the following relation
where n 2 = 1. Here h λρ ext (k) is the gravitational field in momentum space, which is
Substituting Eq. (5) into Eq. (9), we get Then we get the unpolarized cross-section with the following equation
where θ is the angle between p and p ′ and E is the energy of the injected photon.
For small angles case,
Then the previous equation reduces to
where λ ≡ Λ E . Obviously, the cross section only depend on λ.
From the above equation, we can see that
i.e. we recover the standard cross section of GR and the deflection angle is 1.75 ′′ . And
which means that the deflection angle decreases to zero when λ → 0. We compare the classical and the tree-level crosssection formulas to get the classical particle trajectory [25, 26] 
Performing the integration on Eq. (14), we finally get the deflection angle for the photons that just grazing the Sun, which is 
where θ E = 4GM/R = 1.75 ′′ is the Einstein's deflection angle and R is the radius of the sun. The exponential integral Ei(x) is defined as
Defining y ≡ 
We solve the above equation numerically and the result is shown in Fig.2 . Fig.2 , we can straightforwardly see that θ ∼ θ E as E < 10 4 Λ, which recovers the result of GR and θ ∼ 0 as E > 10 7 Λ which means there is no deflection for sufficient high energy photons. It should point out that the transition interval occurs for 10 4 Λ < E < 10 7 Λ. The smallest energy to test such effect is 10 4 Λ and the deflection angle decrease to 1
′′ at E = 10 5 Λ. If 0.01eV < Λ < 1eV , the transition occurs in X-ray band which could be tested by the X-ray telescopes. And the transition occurs in hard X-ray or gamma-ray band if 1eV < Λ which could be tested by the corresponding telescopes.
The angular resolution should be better than 1.75 ′′ to test the deviation of deflection angle from θ E . The performance of the current(or planed) X-ray(or γ-ray) detectors is shown in Table. I. From Table. I, we can see that only Chandra X-ray Observatory (Chandra) [27] satisfies such requirement. Chandra works in the photon energy range of 0.2-10 keV. So IDG model can be tested if 0.01eV < Λ < 0.1eV . It is a big challenge to avoid the damage of detectors when doing such measurements because the sun is the brightest X-ray source in the sky. A large part of the X-ray are sheltered by the moon when the total solar eclipse occurs. So it may be possible to measure the X-ray deflection angle during the total solar eclipse with Chandra to test IDG model.
III. SUMMARY
In this draft, we calculate the deflection angle of photons that graze the sun within semiclassical IDG model. We find that the deflection angle only depends on Λ/E. When Λ/E → ∞, θ → θ E . In other words, we recover the prediction of GR for low energy photons. θ → 0 when Λ/E → 0, which means that there is no deflection for sufficiently high energy photons. The transition occurs at range 10
4 < E/Λ < 10 7 . The deviation of deflection angle from θ E occurs at Xray and gamma ray range because Λ > 0.01 eV . It can be tested by X-ray or gamma ray telescopes with good enough angular resolution. However, only Chandra can be possibly used to test this effect. It is interesting to measure the deflection angle of high energy photons and such measurement has never been done before.
